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Abstract 
Background: The sesamoid bones are small, usually oval bone structures often found in 
joints and under the tendons. Although their precise function is not fully understood, it is 
agreed upon that they protect the joints and make movements faster and less energy 
consuming. Sesamoid bones are found in hands, especially around first, second and fifth 
metacarpophalangeal joint and the interphalangeal joint of the thumb.  
Materials and methods: This study compares a group of 32 young musicians to 30 non-
musicians of similar age and posture. The hands of the subjects were examined by ultrasound 
imaging for the presence of sesamoid bones. The results were noted and observed sesamoids 
were measured. 
Results: The results seem to prove that althought there are no difference in the amount or the 
location of the sesamoid bones between the musicians and the non-musicians, there is 
statistically significant tendency for the musicians to have bigger sum of the sesamoid’s 
volume per hand (Fisher’s test p-value = 0.034 < 0.05).  
Conclusions: There was also observed an unusually shaped “Bactrian” sesamoid bone at the 
interphalangeal joint of the thumb in eight cases in the musicians’ group and one case in the 
control group. All participants with the aforementioned structure were female. 
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Introduction 
First known descriptions of the Sesamoid bones come from Galen’s works on Old 
World monkeys, most likely macaques, in the late second century. More reliable account 
comes from Versalis’ De Humani Corporis Fabrica Libri Septem of 1542. Both authors, 
however, describe the Sesamoid bones as small, oval, boney structures forming in close 
vicinity of joints – either within the joint capsule walls or under or within tendons of nearby 
muscles, most noticeably on palmar side of a hand and plantar side of a foot. Their name 
comes from resemblance in size and shape to sesamoid seeds, although they are also being 
compared to halves of peas or grains of rice. [1, 2, 3, 4, 5, 6]. 
The prevalence of Sesamoid bones seems to vary greatly depending on ethnicity, it is 
safe to say, however, that in over 99% of cases there are two bones present in the First 
Metacarpophalangeal joint, vast majority of population possesses Sesamoid bones in the Fifth 
Metacarpophalangeal joint and First Interphalangeal joint and approximately 50% of people 
have a sesamoid bone in the Second Metacarpophalangeal Joint. They can also occur in other 
joints of the hand and fingers, but that remains very rare. [1, 2, 3, 6, 7, 8, 9, 10, 11]. 
The precise function of Sesamoid bones remains a subject of discussions. It is 
generally agreed that they play part in protecting the joint, reducing pressure and friction of 
the tendon and modifying the vector of the muscular pull. [2, 3, 6, 11, 12, 13, 14,]. 
 
Materials and methods 
The study was performed on the group of 62 healthy adults – A study group of 32 
students of keyboard instruments and a control group of 30 students without any extended 
musical training.  
The study group included 16 females and 16 males between the ages of 18 and 38, 
with a mean age of 23.7 years, mean height of 172.8cm and mean weight of 67.3kg. Five of 
them were noted as left-handed. All of the participants were healthy and had no history of 
serious trauma or surgical procedures in the area of the hand. All the participants underwent 
multiple years of instrumental training. 
The control group included 17 females and 13 males between the ages of 20 and 33, 
with a mean age of 22.8 years, mean height of 174.3cm and mean weight of 69.2kg. Four of 
them noted as left-handed. All of the participants were healthy and had no history of serious 
trauma or surgical procedures in the area of the hand. None of the participants underwent any 
form of prolonged, systematic  musical education.  
All of the examined signed the form of informed consent. All participants were 
interviewed and had the anthropological measurements of their upper extremities taken. 
Afterwards all of the participants’ hands were examined by an ultrasound imaging (LOGIQ 
F8 GE with L6-12, 6-13MHz probe) for presence of the sesamoid bones. Found bones were 
described regarding their amount, location and three dimensional measurements (anterior-
posterior, radial-ulnar and proximal-distal in relation to anatomical position). To facilitate 
comparison, the formula of the volume of the sesamoid bones was rounded to the product of 
the measurements. All the measurements and calculations were performed by the same team. 
All the findings were examined with the use of Fisher’s Exact Test and T-Student’s Test. 
The examination was completely non-invasive and the research does have the approval 
of the Ethics Committee.  
 
Results 
The amount of sesamoid bones found in one hand varied from 2 to 6 with no 
significant differences between sides and groups (Fisher’s test p-value for control group sides, 
study group sides, left hands of both groups and right hands of both groups respectively: 
0.654, 0.683, 0.398 and 0.926) with 26 out of 32 musicians showing symmetry in the pattern, 
and 23 out of 30 non-musicians showing symmetry in the pattern. There was also no 
noticeable difference between the groups in the location of the sesamoid bones. 
The mean of the sum of the sesamoid bones’ volume in one hand for musicians was 
83.2351mm3 (78.3774mm3 for the left hand and 88.0928mm3 for the right hand)and for non-
musicians was 74.8420mm3 (73.5829mm3 for the left hand and 76.1010mm3 for the right 
hand). Fisher’s test p-value for the mean volumes from both hands was: p-value= 
0.033618274 (p-value= 0.168077962 for only left hands and p-value= 0.024897613 for only 
right hands) which does reach the threshold of statistical significance (a=0.05). 
In case of 27 musicians it was possible to acquire information regarding the length of 
their musical education and the starting age. The mean age of the beginning of the musical 
education was 7.7 years and the mean length of education to the point of examination was 
15.4 years. Both of those variables, when tested against mean sum of the volumes of the 
sesamoids in one hand with paired T-Student’s Test has returned p-value<0.0001 which 
would suggest a strong correlation. 
Sexual dimorphism proved to be statistically significant (p-value<0.05)in musicians 
(Fisher’s test p-value for mean, left hands and right hands respectively 0.003094, 0.025887 
and 0.001637) with males having greater volume sum of sesamoid bones, and non-significant 
in control group (Fisher’s test p-value for mean, left hands and right hands respectively 
0.636599, 0.668857, 0.110638). 
An unusually shaped, “Bactrian” sesamoid bone was observed in the First 
Interphalangeal Joint in musician’s hand in eight cases (5 females), 6 of which (3 females) 
occurred symmetrically. Only one case (left hand of a 23 years old left handed female) was 
observed in the control group. 
 
Discussion 
The features of a „perfect musician’s hand” remain a subject of discussion.  Most 
authors seem to focus primarily on the hand’s size and the hand’s span, with assumption that 
the bigger the hand and the hand span, the better. Wristen claims that throughout history 
small-handed musicians remained rather devoted amateurs than professionals [15]. Some 
authors point out that the group most commonly suffering from trauma and performance 
related misuse of the hands are women [16] who statistically have 15% smaller hand than the 
men [17]. However, there seems to be a lot of research putting this seemingly obvious matter 
in question. The results of Sang-Hie Lee’s research suggests that the size of the hand is not as 
important as it’s mobility and hand’s span, which seems to be less important of the two. She 
quotes  Kentner saying that there were just as many famous pianists with big hands (like 
Sauer, Richter, Rachmaninoff) as those whose hands were considered small (Patchmann, 
Hoffmann, d’Albert ). Both Sang-Hie Lee and Sakai bring up Wagner’s analysis – that hands 
of the male pianists are on average bigger but less mobile than female, both when it comes to 
active and passive range of motion, and that left hand has statistically greater hand’s span than 
the right one. Interestingly enough there is research suggesting that more sesamoid bones 
occur both in females than males and in the left hand compared to the right hand [16, 18, 19, 
20, 21].  
This research focused on the sesamoid bones, due to them being one of the most 
morphologically variable structure of the human hand as well as sesamoid bones starting to 
ossify  at the beginning of the puberty, which would be between 11 and 13 years of age for 
females and between 13 and 15 age for males [22] which seem to overlap with the typical 
beginning of the intense musical training for future students of the musical universities. 
There was no significant difference between the groups of musicians and non-
musicians regarding the amount of the sesamoid bones in the hand, as well as there was only 
approximately 12% difference between the groups in the symmetry which lines up with 
Miller’s opinion [23], that there are no morphological differences in the structures of the 
hand. However, upon a closer inspection, there appears to be a tendency in the sesamoids’ 
volume. It seems that musicians tend to have bigger sesamoid bones on average than non-
musicians. The mean sum of all the sesamoid bones in one hand was 83.2351mm3 in the study 
group to 74.8420mm3 in the control group, which does meet the criteria of statistical 
significance (p-value of the Fisher’s test = 0.034 < 0.05). When, in order to remove the 
potential confounding variable, the results were accounted for body type by dividing by BMI 
of each participant, the p-value only decreased, further underlining the results.  
There also seems to be a noticeable tendency regarding sexual dimorphism. Despite 
general tendency for women to have more sesamoid bones than men [2, 6, 20, 21], the men in 
the musicians’ group proved to have statistically significantly (p-value=0.003094) bigger sum 
of the volume of the sesamoid bones in one hand than women. Such dimorphism did not 
occur in the group of non-musicians (p-value=0.636599). The participants were questioned 
regarding their history of past regular physical activity, and the suspected reason for such 
phenomenon could not be found, therefore it needs to be assumed that the primary reason for 
aforementioned dimorphism was the musical training.  
Considering that both groups consisted of people in similar age (mean: 23.7 years for 
the study group and 22.8 years for the control group), and similar built (mean height: 172.8cm 
for the study group and 174.3cm for the control group, mean weight: 67.3kg for the study 
group and 69.2kg for the control group) with very small differences that could only possibly 
favor the control group (statistically bigger body mass should translate for the bigger mass of 
the skeletal structures), and that the sexual make-up of the control group was proven not to 
influence the outcome (no significant sexual dimorphism in the control group), it could be 
speculated that the main reason for the differences in the mean sum of the volume of the 
sesamoid bones was the musical training during the age of sesamoids’ ossification. It would 
agree with the assumption that the sesamoid bones function as a pulley for the muscular 
tendons, therefore making the movement faster, stronger and safer for the joint underneath [1, 
2, 3, 4, 6, 13, 20]. It could be speculated that the time when the hand undergoes most 
significant morphological adaptation to the task of playing the keyboard instrument, and 
therefore possibly most important time for regular musical training is the time of sesamoids’ 
ossification which starts during early stages of puberty.  
This idea seems to be supported by the results of the T-Student’s Test between the age 
of the beginning of the musical education or length of the musical education and volume of 
the sesamoid bones. This was tested on 27 out of 32 musicians due to limited availability of 
the information. However, this should not have an impact on the results since the sexual 
proportion remained the same. The length of education varied from 7 to 29 years with a mean 
of 15.4 years. The beginning age varied from 4 to 13 years of age with a mode of 6 mean of 
7.7 years of age. In both cases the p-value of the Test showed to be p<0.0001 which would 
suggest a very strong correlation.  
Another interesting outcome of this research was finding of the unusually shaped 
sesamoid bone in the Interphalangeal Joint of the Pollex. This bone, instead of typical oval 
shape, displayed two slight elevations on the palmar site, with a furrow between them. There 
was no proof that such “Bactrian” sesamoid occurred due to damage, or conjunction of two 
smaller bones, moreover similar sesamoid bones were observed by Jones in smaller 
mammals, such as rabbits [24]. Since there were eight cases of such sesamoid found in the 
study group (25% of cases), most of which symmetrical (6 cases), and only one in the control 
group (3% of cases) it could be speculated that this variability is also a form of adaptation to 
the musical training on the keyboard instrument, especially since there is evidence that the 
sesamoid bones are being shaped by the action of the tendons above them [25]. 
Interestingly, all of the cases of “Bactrian” sesamoid occurred in female hands only. It 
might be related to the fact that the pattern of sesamoids’ development in females seems to be 
tied to menarche [22]. Unfortunately, this concept is unverifiable based on this particular 
research. 
 
Conclusions 
There was no significant differences in the amount or localization of the sesamoid 
bones of the hand between the musicians and the non-musicians. 
The trained keyboard musicians tend to have significantly bigger sesamoid bones than 
non-musicians. It may be related to the fact that both sesamoid ossification and typical 
beginning of musical training intensification happens at the early stages of puberty. 
There seems to be a strong correlation (p<0.0001) between the age of the beginning of 
the musical education or length of the musical education and volume of the sesamoid bones. 
The male musicians proved to have significantly bigger sesamoid bones than the 
female musicians. Such tendency did not occur in the control group. 
Unusually shaped “Bactrian” sesamoid bone on the Interphalangeal Joint of the Pollex  
was observed 8 times in the musicians’ group and only once in the control group. All the 
cases occurred in the female’s hand.  
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Figure 1. A sesamoid bone over the 5th metacarpophalangeal joint (A) of the left hand of the 
female pianist – sagittal view. Estimated volume based on the measurements for this sesamoid 
bone was 19.2mm3 
  
Figure 2. A sesamoid bone over the 5th metacarpophalangeal joint (A) of the left hand of the 
female non-pianist of similar age, built and height as the aforementioned female pianist – 
sagittal view. Estimated volume based on the measurements for this sesamoid bone was 
10.9mm3 
 Figure 3. A “Bactrian” sesamoid bone found in the Interphalangeal joint of the thumb of a 
female musician – horizontal view. There are two distinctive elevations (A, B) and a sulcus 
between them (arrow). 
 
